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Summary

 

During the innate immune response against infections, Natural Killer (NK)
cells are as important effector cells as are Cytotoxic T lymphocytes (CTL) gen-
erated after antigenic stimulation in the adaptative response. NK cells increase
in numbers, after viral infection or vaccination. We investigated the NK cell
and CD8 T lymphocyte status in 55 dengue infected patients. The NK
(CD56++++

 

CD3-) and CD56++++

 

 T cell (CD56++++

 

CD3++++

 

) rates rise during the acute
phase of disease. The majority of NK cells from dengue patients display early
markers for activation (CD69, HLA-DR, and CD38) and cell adhesion mole-
cules (CD44, CD11a) during the acute phase of disease. The intracellular cyto-
toxic granule, TIA-1, is also up-regulated early in NK cells. Most of these
markers appear also on CD8++++

 

 T lymphocytes but during the late acute phase.
Circulating IL-15 is elevated in a significant number of patients during early
acute infection and its values were statistically correlated with NK frequencies
and  cytotoxic  markers  on  NKs.  We  have  therefore  shown  that  dengue
virus infection is very likely stimulating a cytotoxic response that may be effi-
cient in controlling the virus in synergism with CD8++++

 

 T lymphocytes. Inter-
estingly, the heightened CD56++++

 

CD3-, CD56++++

 

CD3++++

 

, CD56++++

 

TIA-1++++

 

 and
CD56++++

 

CD11a++++

 

 cell rates are associated with mild dengue clinical manifesta-
tions and might indicate a good prognosis of the disease.
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Introduction

 

Dengue Virus (DENV) infection results in a spectrum of
clinical disease ranging from an asymptomatic, acute self-
limiting febrile illness (such as DF, Dengue fever) to a more
severe potentially life threatening form of dengue infection,
which is characterized by high fever, haemorrhagic phenom-
ena and plasma leakage (such as DHF/DSS, Dengue Haem-
orrhagic Fever/Dengue Shock Syndrome). The first dengue
epidemics in Brazil were reported during the 1980s, after-
wards becoming endemic and spreading all over the country.
During the last two decades incidence has been increasing
gradually and has recently become alarming, mainly since
the introduction of serotype 3 (DENV-3) in 2002 [1].

The immunological processes occurring during dengue
infection are not yet completely defined, however, incidence
of mild dengue manifestations and occasional progression
to the more severe disease forms likely reflect a complex

interplay between host and viral factors including cytokine
production by inflammatory cells. Previous studies reported
increased levels of circulating cytokines and soluble recep-
tors in DHF patients when compared to those in DF, indi-
cating that immune activation may quite possibly be related
to disease severity [2,3]. In addition, the existence of DENV-
specific cross-reactive CD4

 

+

 

 and CD8

 

+

 

 memory cytotoxic T
lymphocyte (CTL) response has been described in individ-
uals who were immunized with live-attenuated dengue
vaccines as well as in children following natural infection
[2,4–6]. Alterations in cell types related to the immune
response have been observed, such as decreased CD4, CD8,

 

γδ

 

 T subsets and Natural Killer (NK) cells in DHF in contrast
to DF. Moreover, activated CD8 and NK cells, expressing
CD69, were also detected in DHF [7].

The NK cell subset is an important component of innate
immunity, enabling the limitation of viremia and tumour
burden even before the adaptive immune system can be
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activated [8]. Advances in NK cell recognition indicate that
NK cells display both activation and inhibitory receptors on
their surface [8]. Engagement of activation receptors leads to
directed exocytosis of granules containing perforin and
granzymes, which in turn mediate target cell lysis and cytok-
ine release, including interferon-

 

γ

 

 (IFN-

 

γ

 

), tumour-necrosis
factor (TNF), granulocyte-macrophage colony-stimulating
factor (GM-CSF) and several chemokines [9–11]. NK cell
functions are regulated by a balance between these activation
and inhibition signals, generated by different receptors after
engagement with their specific ligands [12].

We propose herein to study NK cells of dengue patients
and to examine their association with the pathogenesis of
dengue disease. We demonstrated a frequency increase in cir-
culating NK cells during early dengue phase, which is asso-
ciated with mild cases of disease. NK cells from patients
displayed activation-related markers such as CD69, HLA-
DR, CD38 and cytotoxic granule TIA-1, appearing earlier
than on CD8

 

+

 

 T lymphocytes. Another interesting point
concerns evidences of NK cells also displaying CD44, CD11a
and CD16 surface expression molecules, which are charac-
teristically exhibited not only in cells with the ability to
migrate from the blood to inflammed tissues but in cells
which have cytotoxic functions as well [10,13]. IL-15 is
released in the early phase of dengue infection, probably
contributing to NK cell activation. Taken all in consider-
ation, our data indicate that during the innate immune
response, NK cells likely contribute to a good prognosis of
dengue disease mainly in the early phase of disease, prior to
the adaptive immune response.

 

Materials and methods

 

Study population and blood samples

 

Heparinized peripheral blood samples were obtained from
56 dengue infected patients attended at two Health Centres
in Niterói, Rio de Janeiro State (Posto de Saúde de Itaipú and
Centro Previdenciário de Niterói). All patients presented
clinical diagnosis of dengue infection according to World
Health Organization criteria [14]. Blood samples were
obtained from 14 healthy individuals (7 females, 6 males; age
range 18–50 years), without history of any febrile or other
illnesses in the previous 3 months were included as controls,
and from 55 patients with dengue acute infection (29
females, 26 males; age range 15–73 years). We classified den-
gue patients according to early acute (1–5 days after disease
onset), late acute (6–10 days) or convalescent (

 

>

 

 11 days)
phases.

The diagnosis of DENV infection was confirmed by
either antidengue enzyme-linked immunoassorbent assay
(ELISA)-IgM, serotype specific reverse trancription-
polymerase chain reaction (RT-PCR) [15], or virus isolation
[16]. DENV isolations were attempted from serum samples
of patients in the acute phase, using 

 

Aedes albopictus

 

 C6/36

cell line. Isolates were revealed by immunofluorescence assay.
Alternatively, DENV was detected by flow cytometry in
monocytes [17,18]. Dengue immune response was consid-
ered as primary or secondary by IgG ELISA according to pre-
viously established criteria [19].

A detailed physical examination was performed to detect
haemorrhagic manifestations (positive tourniquet test for
capillary fragility; skin haemorrhages; epistaxis; gingival,
gastrointestinal, or urinary tract haemorrhage), signs of
plasma leakage (pleural or pericardial effusion, ascites), signs
of circulatory failure (cold extremities, cyanosis, hypoten-
sion, tachycardia) and hepatomegally. Informed and signed
consent was obtained from all patients or their guardians
prior to blood collection. The protocols followed were
approved by the Ethics Committee of the Oswaldo Cruz
Foundation, an organ of the Brazilian Health Ministry
(recognized by the Brazilian National Ethics Committee)
under Number 111/00.

 

Purification and cryopreservation of human peripheral 
blood mononuclear cells (PBMCs)

 

PBMCs were obtained from 30 ml of heparinized venous
blood. Blood samples were diluted 1 : 1 with RPMI 1640
(Sigma Chemical Co., St. Louis, MO, USA), layered onto
Histopaque-1077 (Sigma Chemical Co.) and centrifuged at
400 g for 30 min. The PBMC layer was washed twice in
RPMI 1640 medium and aliquots were cryopreserved for
later study. The viability of PBMC was greater than 95% after
Trypan blue exclusion. Approximately 10

 

7

 

 PBMCs from
patients and controls were re-suspended in 1 ml of solution
destined for freezing (90% inactivated FBS (fetal bovine
serum, Gibco, Invitrogen cell culture, Carlsbad, CA, USA)
plus 10% DMSO (Sigma Chemical Co.) and stored initially
at 

 

−

 

70

 

°

 

C for 24 h before introduction into liquid nitrogen.

 

Reagents and monoclonal antibodies

 

The mouse anti-human surface antigen monoclonal anti-
bodies (mAbs) used in this study included: FITC-, PE or
Cy5-conjugated, anti-CD8 mAb (IgG1, clone DK25), anti-
HLA-DP, DQ, DR mAb (IgG1, clone CR3/43), anti-
CD44 mAb (IgG1, clone DF1485), anti-CD16 mAb (IgG2a,
clone DJ130C) from DAKO (Glostrup, Denmark), anti-
CD11a (LFA-1) mAb (IgG1, clone HI111), anti-CD3 mAb
(IgG3, clone SP34), anti-CD56 (IgG1, clone B159) from
Pharmingen (San Diego, CA, USA), anti-CD4 mAb (IgG2a,
clone S3·5), anti-CD38 mAb (IgG1, clone HIT2) and anti-
CD69 mAb (IgG1, clone 50) from Caltag Lab (Burlingame,
CA, USA). Intracellular detection of TIA-1 proteins was per-
formed using unconjugated anti-Tia-1 mAb (IgG1, clone
26gA10F5) from Coulter (Fullerton, CA, USA) followed by
mouse FITC-conjugated anti-IgG from DAKO. Appropriate
conjugated-isotype-matched controls were included and
obtained from Pharmingen, Caltag and Beckman Coulter.
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Extra- and intra-cellular staining by flow cytometry

 

Cryopreserved PBMCs (10

 

7

 

 cells) were thawed and divided
into aliquots, each containing 2 

 

×

 

 10

 

5

 

 cells for flow cytome-
try analysis. Cells were washed in PBS-BSA-NaN

 

3

 

 (PBS
pH 7·2, supplemented with 1% (w/v) BSA (Sigma Chemical
Co.) and 0·1% NaN

 

3

 

 (Sigma Chemical Co.) and triple-
stained for 30 min at 4 

 

°

 

C with the specific mAbs, previously
described, at dilutions recommended by the manufacturer.
Stained cells were then washed in PBS-BSA-NaN

 

3

 

 and fixed
in PBS-BSA-NaN

 

3

 

 containing 1% paraformaldehyde (PFA)
for 15 min at 4 

 

°

 

C. Fixed cells were applied to a FACScalibur
(Becton-Dickinson).

The intracellular expression of the TIA-1 protein was anal-
ysed on thawed PBMCs. Briefly, cells were firstly stained with
PE-conjugated anti-CD4 or PE-conjugated anti-CD8 and
Cy5-conjugated anti-CD56 mAbs, washed twice with PBS-
BSA-NaN

 

3

 

, and fixed with PBS-BSA-NaN

 

3

 

 containing 1%
PFA. Fixed cells were washed twice in cold PBS before per-
meabilization with saponine 0·05% (w/v) (Sigma Chemical
Co.) for 5 min at room temperature. PBMCs were stained
with unconjugated anti-TIA-1 mAb in 0·05% saponine
buffer for 45 min at 4 

 

°

 

C. Cells were then washed once in
PBS, stained with FITC-conjugated anti-mouse and finally
fixed in 1% PFA. For each sample 10 000–20 000 events were
acquired and analyses were carried out with the WinMDI 2·8
and FlowJo (TreeStar, version 4·3) software.

 

Cytokine detection assays

 

Plasma samples were obtained on appointment from 43 den-
gue patients and 15 plasma controls and then stored in ali-
quots at 

 

−

 

70

 

°

 

C awaiting application. Cytokine levels were
determined by ELISA kits (R & D Systems, Minneapolis, MN,
USA) in compliance with the manufacturer instruction. The
lowest detectable IL-15 concentration was 3·9 pg/ml.

 

Statistical analyses

 

Statistical analyses were performed by Student’s 

 

t

 

-Distribu-
tion (

 

t

 

(

 

n

 

-1

 

=

 

14;

 

α=

 

0·025)

 

 

 

=

 

 2·145) calculating a referential limit
value for positivity or negativity for circulating cytokine lev-
els, according to the following formula:

Average of values from control samples 

 

+

 

 (Standard Devia-
tion of values from control samples 

 

×

 

 t

 

(

 

n

 

-1;

 

α=

 

0·025)

 

).

Determinations above or below referential limit values were
considered significantly altered.

The Fisher’s exact test was applied to determine the sig-
nificance of positive samples from patients among groups.
The nonparametric Mann–Whitney 

 

U

 

-test was used to eval-
uate differences in the expression of cell surface markers and
cytokines between patients and control donors. 

 

P

 

-values
lower than 0·05 were considered to be associated with statis-
tical significance. Correlation between cell surface markers
expression and cytokine production was estimated by

Spearman regression analysis. The statistics program Prism 4
was employed for analyses (GraphPad Softeware, San Diego,
CA, USA).

 

Results

 

Clinical characterization of dengue disease in adult 
Brazilian patients

 

The clinical manifestations observed in Brazilian dengue
patients reflected a spectrum of disease severity as indicated
by haemorrhagic manifestations, signs of circulatory failure
and varying degrees of thrombocytopenia. In most severe
cases the only criteria of circulatory failure was hypotension.
Hemoconcentration was not often detected since patients
either received early hydration, or a recovery sample was not
provided and no other plasma leakage parameter was
evaluated. As other investigators have previously reported
[20–22], we also were unable to meet WHO criteria [1] for
severity classification. Indeed in Nicaragua, Harris 

 

et al

 

.
[22] defined a severe patient group with signs of shock that
do not fit DHF/DSS classification therefore designating a
new disease category: dengue with signs associated with
shock. We considered all patients with thrombocytopenia
(

 

=

 

 100 

 

×

 

 10

 

9

 

/l) and hypotension (postural hypotension with
decrease in systolic arterial pressure in 20 mmHg in supine
position or systolic arterial pressure 

 

<

 

 90 mmHg) as severe
cases. Based on clinical grounds, we established that among
dengue patients, 22 had platelet levels 

 

>

 

 100 

 

×

 

 10

 

9

 

/l, without
hypotension and were classified as mild Dengue; 19 other
patients had thrombocytopenia and hypotension, succes-
sively receiving parenteral hydration for at least 6 h and were
classified as severe Dengue (due to not meeting classical
DHF/DSS classification). Ten patients had thrombocytope-
nia with no other severe manifestation and another five
patients exhibiting platelet levels 

 

>

 

 100 

 

×

 

 10

 

9

 

/l, had hypoten-
sion and received parenteral hydration.

Mild and severe Dengue patients were studied for prior
incidence of infection, detected by serologic immune
response (IgG antibodies for DENV). Subjects with mild
Dengue/thrombocytopenia/hypotension (10 of 37) as
opposed to severe Dengue (10 of 19) patients, were less likely
to be experiencing a secondary dengue virus infection,
although no statistical significance found in Fisher’s exact
test, 

 

P

 

 

 

=

 

 0·0797. Among 42 patients with DENV-1, 10 were
classified as secondary infection and among 16 patients with
DENV-3, 9 were considered secondary infection. Eighteen
patients were studied in a longitudinal follow-up, where two
or more samples were analysed.

 

CD56++++

 

CD3–/CD56++++

 

CD16++++

 

NK and CD56++++

 

 
T lymphocyte high frequency during Dengue

 

Human  NK  cells  comprise  approximately  5–10%  of
all  lymphocytes and are defined phenotypically by their
CD56 expression, lacking CD3 [23,24]. The NK cell
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(CD56

 

+

 

CD3–) frequency was higher in the dengue-infected
patients as compared to healthy individuals (Fig. 1a,b). This
effect was more striking in the early acute phase (1–5 days
after disease onset with 15 

 

±

 

 8·9% 

 

versus

 

 7·8 

 

±

 

 2·7% on con-
trol) but also present in later phases of the disease (11 

 

±

 

 7·1%
at days 6–10 and 16 

 

±

 

 8·5% after 11 days). CD16 is also a
marker for NK cells [10] presnt this molecule is also increased
in CD56

 

+

 

 cells (Fig. 1b,d) at early dengue infection. Inter-
estingly, 10 of 38 dengue-infected patients evaluated dis-
played elevated CD56

 

+

 

 cell rates, exhibiting also CD3 surface
expression during early infection (1–5 days of disease with
11.7 

 

±

 

 8.8% 

 

versus

 

 controls-5·8 

 

±

 

 3·01%; Fig. 1a,c). CD56

 

+

 

 T
cell subset was recently defined as T cells bearing a unique
invariant T cell receptor (TCR) plus CD56 which account for
a small percentage (

 

∼

 

5%) among PBMCs [25,26].
With respect to other peripheral lymphocyte subsets, most

dengue patients analysed presented a reduced frequency of
CD4

 

+

 

 T lymphocytes during both early and late acute phases
of infection. We also observed a modest but significant
decrease in CD8

 

+

 

 T lymphocytes among PBMC during the
dengue infection course. However, normal cell subset rates
were gradually recovered in convalescence (data not shown).

 

Activation-related marker, CD69, and intracellular 
cytotoxic granule, TIA-1, are earlier up regulated in NK 
cells than in CD8++++

 

 T lymphocytes during dengue

 

NK cells can be stimulated by direct engagement of activat-
ing receptors on the NK cell surface with ligands that are
expressed on the target cell surface, so they are poised to
respond rapidly to infection [27]. We focused on the immu-
nophenotypic changes occurring 

 

in vivo

 

 in NK cells and
compared them to those detected on CD8

 

+

 

 T lymphocytes
during disease. We observed a significant increase in the
CD69

 

+

 

 cell percentage among NK (CD56

 

+

 

) cells in dengue
patients at early acute phase (days 1–5 with 29·2 

 

±

 

 13·3%).
This increase is maintained at days 6–10 (23·9 

 

±

 

 17·7%),
decreasing after 11 days (13·2 

 

±

 

 5·0%). (Figs 2a and 3a) Dif-
ferently, CD69 expression was significantly increased on
CD8

 

+

 

 T cells only during the late acute phase (days 6–10,
with 18 

 

± 

 

9·2%) (Fig. 3b).
The cytotoxic cell characterization may be evaluated by

intracellular protein expression, such as granule cytotoxic T-
cell intracellular antigen (TIA)-1 [28]. Unlike healthy indi-
viduals that presented low levels of TIA-1 among total CD56

 

+

 

Fig. 1.

 

NK CD56+CD3–, CD56+CD3+ and CD56+CD16+ cell frequencies during dengue. Representative dot plots for NK CD56+CD3–, 

CD56+CD3+ (a) and CD56+CD16+ (b) cell labellings from a healthy donor and a dengue patient at 5 days after the disease onset (early acute phase) 

are shown. Numbers in each quadrant indicate the percentage for NK CD56+CD3–, CD56+CD3+ or CD56+CD16+ within the lymphocyte gate. PBMCs 

from healthy subjects (n = 13) or from dengue patients in early (days 1–5), late acute (days 6–10) and convalescent (after 11 days) phases were labelled 

as described in Materials and methods and analysed by flow cytometry within lymphocyte gate. Individual and mean percentages for (c) CD56+CD3– 

(d) CD56+CD3+ or (e) CD56+CD16+ cells among lymphocytes are shown in all groups. Statistical significance was assessed by the Mann–Whitney 

U-test. ***P < 0·001, **P < 0·01 and *P < 0·05.
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cells (6·5 ± 6·0%), dengue-infected patients exhibited a
marked increase in TIA-1+ cells (21 ± 18% at days 1–5 and
22·8 ± 19% at days 6–10) (Fig. 3c). Among CD8+ T lympho-
cytes, TIA-1+ cells were significantly higher in the majority of
dengue patients during late acute phase (16·0 ± 13·1% at days
6–10) as compared to controls (Fig. 3d).

Other immunophenotypic profiles associated with the NK
cell activation kinetics were studied. Thus, NK cells displayed
alterations in HLA-DP,DQ,DR+ cells expression that ranged
from 4·7 ± 2·7% in controls to 16·6 ± 5·6% in dengue
patients during early acute phase of disease (Fig. 2b).
Another activation marker, CD38, detected on 20·4 ± 17·2%
of NK cells in controls, increased among CD56+cells to
49·9 ± 27% in dengue patients during the disease course
(Fig. 2c). No difference was observed in the HLA-DP, DQ,
DR and CD38 detection kinetics on NK and CD8+ gated T
cells, originating from patient samples. Therefore, NK cells
from dengue-infected patients display simultaneously high
CD69, TIA-1, HLA- DP, DQ, DR and CD38 levels, support-
ing the concept that NK cells from dengue-infected patients
correspond to a subset of activated circulating mononuclear
leucocytes.

NK cells from dengue-infected patients display markers 
for tissue migration and for cytotoxicity

Most activation-related molecules proved to play a role in
NK cell migration into tissues, as well as in NK cell prolifer-
ation regulation, target cell recognition, conjugate formation
and effective killing [13]. CD44 is an adhesion molecule for
extracellular matrix proteins and has been implicated mainly

in NK cell homing and binding to mucosal High Endothelial
Venules [29,30]. Additionally, CD44 is a cytotoxicity marker
molecule that may be present on activated NK cells [31].
We observed a significant increase in the CD44+  rate
among CD56+  cells  in dengue patients already from days
1–5 (22· 2 ± 12·6%), decreasing gradually from days 6–10
(17·7 ± 6·2%) and after 11 days (15·5 ± 13·5%) of disease
onset, when compared to controls (Figs 2d and 4a).

Another adhesion molecule, CD11a, has also been
involved in cell adhesion to vascular endothelium and trans-
migration across the endothelial cell barrier [32,33], in CTL
adhesion [34] and NK-mediated cytotoxicity [35,36]. There
was a significant increase in CD56+ cells presenting CD11a
in the early acute phase as compared to controls (Figs 4b
and 5c). Figure 5c is a representative contour plot from gated
CD56+ cells that coexpress CD11a and CD16, other surface
molecules expressed characteristically in cytotoxic cells
[10,13]. CD8+ cells expressed as well, a significant CD11a+
cell increase at early (P = 0·0039) and late (P = 0·0185) den-
gue phases. The CD44+ and CD11a+ increase on CD8+ T
cells from dengue patient samples followed similar patterns
presented by NK cells (data not shown).

Elevated IL-15 levels during early dengue phase are 
associated with elevated NK rates and with cytotoxic 
marker increase on NK cells

IL-15 can induce the in vivo and in vitro NK cell develop-
ment, phenotypically and functionally cytotoxic, resulting in
a mature IFN-γ producer cell [37,38]. Figure 6a shows that
IL-15 was significantly elevated in the plasma of most dengue

Fig. 2. Representative contour plots for increased expression of activation cell markers during dengue. PBMC from healthy subjects or from patients 

with acute dengue were labelled as described in Materials and methods and analysed by flow cytometry within lymphocyte gate. Ex vivo (a) CD69, 

(b) HLA-DR, (c) CD38 and (d) CD44 coexpression on CD56+ NK cells from a healthy control and a dengue patient with early acute infection was 

illustrated. Numbers in quadrants indicate the percentage of cells within the corresponding cell subset.
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patients during the early acute phase (11·4 ± 3·9 pg/ml) as
compared to healthy donors (4·8 ± 1·06 pg/ml). IL-15 levels
directly correlated with NK cell percentages (Fig. 6b) as well
as with TIA-1 expression among NK cells (Fig. 6c). These
observations reinforce the IL-15 role as a crucial factor for
human NK cell development [37].

Mild Dengue is associated with increased cell rates and 
maintained absolute counts in CD56++++ subsets in 
contrast to severe Dengue reduced cell rates and counts

As mentioned previously severe Dengue cases were defined
as presenting hypotension and platelet counts = 100 × 109/l,
while mild Dengue had platelet counts > 100 × 109/l and no

circulatory failure signs. Absolute mononuclear leucocyte
counts decrease in dengue patients regardless of whether or
not they are affected with severe or mild Dengue (controls
1662 ± 329·4 × 106/l versus dengue 912·1 ± 541·6 × 106/l).
CD56+CD3– and CD56+CD3+ absolute cell counts are
maintained in mild Dengue and cell frequency is signifi-
cantly increased as compared to healthy individuals
(Table 1). In severe Dengue, relative rates and absolute cell
counts are significantly reduced in both cell subsets as com-
pared to mild Dengue and, in relation to controls, absolute
counts are lowered for CD56+CD3+ cells. Similarly
CD56+CD16+ cell rates are significantly increased in mild
(11·8 ± 10·5%) as compared to severe (5·8 ± 5·1%) Dengue
(Mann–Whitney, P = 0·0052).

Fig. 3. CD69 and Tia-1 expression on NK cells and CD8+ T lymphocytes during dengue. PBMC from healthy subjects samples or from dengue patients 

in early (days 1–5), late acute (days 6–10) and convalescent (11 days after disease onset) phase were labelled as described in Materials and methods 

and analysed by double-colour flow cytometry for particular activation marker expression in CD56+ and CD8+ T lymphocytes. Mean percentages of 

(a,b) CD69 and (c,d) Tia-1+ among (a,c) CD56+ and (b,d) CD8+ T lymphocytes are shown in all groups. Statistical significance was assessed by the 

Mann–Whitney U-test. ***P < 0·001, **P < 0·01, *P < 0·05.
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Additionally, we investigated whether other cell markers
on CD56+ cells, such as activation (CD69; HLA-
DP,DQ,DR), adhesion molecules (CD11a; CD44) or the
TIA-1 protein are exhibited differentially or not in severe
(n = 16) and mild Dengue (n = 13). We found that patients
with mild Dengue have a significant increase in CD56+ cells
expressing the CD11a molecule (82·3 ± 10%, P = 0·0401) in
comparison with severe Dengue (70 ± 17%). The frequency
of circulating CD56+TIA-1+ cells was also increased among

mild Dengue patient lymphocytes from when compared to
severe Dengue and to controls. In addition CD56+TIA-1+
absolute counts in mild Dengue were increased in relation to
controls (Table 1). Few patients presented only thrombocy-
topenia or only hypotension and displayed intermediate val-
ues between mild and severe Dengue in different cell subsets.

Hence, our data indicated that during dengue infection,
mainly at the disease early phase, the presence of NK cell
component within the innate immune system, could provide
a good prognosis of disease.

Discussion

The innate immune response, and particularly the NK cell
play a key role during the early infection events, due to the
ability to rapidly limit infectious pathogen dissemination
and to prepare the antigen specific/adaptative immune
response to effectively clear the pathogen [39]. CD56+ T cells
can expand rapidly in response to various stimuli [40–42].
Humans with selective NK cell deficiencies have a tendencies
towards recurrent severe infection, especially from herpes
viruses, such as cytomegalovirus (CMV) [43]. In our study,
we demonstrated a significant increase in circulating NK
(CD56+CD3–) cell frequencies in patients during acute den-
gue disease. Accordingly, mice infected with DENV had
increased NK cell levels after experimental infection [44]. In
addition, patients with mild Dengue have elevated NK and
CD56+ T cell rates when compared to those with severe Den-
gue. This fact is in agreement with previous studies where a
decrease in NK percentages was observed during DHF in
contrast to DF [7,45]. However, other investigations demon-
strated a reduction in NK absolute cell counts in DF patients
[7,45,46]. In our Brazilian adult patients, NK and CD56+T
cell counts were maintained in mild Dengue presenting
higher levels than in severe Dengue. Asian children with DF
had decreased NK counts, although count decrease in DHF
was more pronounced [7,45,46]. Other authors discribed
similar results with respect to the maintenance of circulating
NK cells during DF [46,47]. The relative increase in NK rates
we encountered may be explained by the decrease of CD4
and CD8 absolute counts as well as relative counts among the
lymphocyte population. The differences observed between
the present study and others might be attributed to various
factors, including patient genetic variations and/or different
virus genotypes associated with the geografical incidence.
Alternatively, it could quite possible be age dependent, since
most of the other studies were in children while ours was
performed in adult Brazilian patients.

It is important to mention that dengue incidence in Brazil
occurs mainly in adults while in Asia it is predominantly a
paediatric disease. The definition of dengue severity in Latin
Americas has often been a matter of debate as severe cases
did not satisfy WHO criteria for DHF/DSS. Mainly in Latin
American adults, but also in patients from Asian countries,
this issue has become striking [21,22,48]. Circulatory

Fig. 4. CD44 and CD11a expression on CD56+ NK cells during acute 

dengue.PBMC from healthy phases subjects or from dengue patients in 

early (days 1–5), late acute (days 6–10) and convalescent (after 11 days 

after disease onset) phases were labelled as described in Materials and 

methods and analysed by double-colour flow cytometry for particular 

adhesion molecule expression in CD56+. Mean percentages for (a) 

CD44 and (b) CD11a expression among gated CD56+ NK cells are 

shown in all groups. Statistical significance was assessed by the 

Mann–Whitney U-test. ***P < 0·001, **P < 0·01 and *P < 0·05.
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collapse is frequently associated with dengue without throm-
bocytopenia or haemorrhagic manifestations. Concerning
our patient cohort epidemics in Rio de Janeiro in 2002,
most severe cases were associated with shock but without
consistent haemorrhagic manifestations. Shock has been
considered as high risk even without thrombocytopenia
[49], as registered during several fatal cases in this same Bra-
zilian epidemics (unpublished observation). Harris et al.
[22] classified their patients in Nicaragua in accordance with
criteria that did not meet WHO definitions, considering that
severe cases with signs of shock need not include thromb-
ocytopenia or haemoconcentration.

Severity in Brazilian adults is either related with Dengue-
3 incidence or secondary disease [50] We suspect that in gen-
eral secondary infections may be more serious than primary
and also that DENV-3 infection was more severe than
DENV-1. However our analysis did not confirm this hypoth-
esis. Either our small sampling did not favour a statistical
analysis or the less frequent incidence of severe cases in pri-
mary infection/DENV-1 would hide this effect. We believe
that genetic differences among patients may also contribute
to severity besides serotype or the previous infection. There-
fore our aim here was to compare clinical manifestations

with the NK cell subsets regardless the origin of these
manifestations.

Phenotypic changes have been noted to occur after in vitro
NK cell stimulation, including the acquisition of new mole-
cules and receptors not expressed on resting NK cells [13].
These molecules have an important role in determining NK
cell migration to tissues as well as in NK cell proliferation. In
addition to rising NK cell frequencies in dengue patients, we
observed early increased expression of the CD69 activation
molecule on NK cells and later on CD8+ T lymphocytes,
which is supported by a previous study from Green and
collaborators [7]. Moreover, early CD69 expression on
mouse NK cells was observed in response to DENV infection
[44]. Hence, mouse and human observations imply a poten-
tial role for NK cells during early stages of disease.

Another function that is also apparently enhanced in den-
gue infected patients is the expression of protein TIA-1, that
is restricted to NK cells and cytotoxic T lymphocytes (CTLs)
[51]. The correlation of circulating IL-15 with NK cell fre-
quencies or with NK cells expressing TIA-1+ supports the
concept that IL-15 is activating cytotoxic cells and sharing
many biological activities with IL-2, such as activated T cell
growth factors, as well as NK and CTLs activation [52]. In

Fig. 5. Representative contour plots for increased 

expression of cytotoxic cell markers during den-

gue. PBMC from patients with acute dengue were 

labelled as described in Materials and methods 

and analysed by flow cytometry within lympho-

cyte gate. Ex vivo (a) Isotype labelling for (b) TIA-

1 in double stained CD56+, CD8+ or CD4+ cells 

(c) Ex vivo CD11a and CD16 coexpression on 

gated CD56+ cells. Numbers in quadrants indi-

cate the percentage of cells within the corre-

sponding cell subset.
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fact, IL-15 has an NK cell-dependent antiviral activity
against Herpes [53], HHV-6 [54] and HIV [55–57]. We sug-
gest that IL-15 secretion following DENV infection may
therefore represent an important host innate defence mech-
anism by NK cells involved in restricting viral growth and in
limiting the spread of the infectious agent.

Furthermore, herein NK cells isolated from dengue
patients were found to express cell activation markers other
than CD69 such as human leucocyte antigens grouped as
class II MHC genes (HLA-DP, DQ, DR) and CD38. In fact,
activated NK cells express de novo CD69 synthesis [58],
HLA- DP, DQ, DR [13,59] and CD38 [60,61]. Interestingly,
significantly higher levels of these activation cell molecules
on NK cells are commonly present during other viral
infections [13]. CD38 can also trigger lytic and secretory
responses in IL-2-activated human NK cells, mediating
therefore natural cytotoxicity [60,61].

Our results exhibited that adhesion molecules such as
CD44 and LFA-1 (CD11a/CD18), are frequently highly
expressed in both NK and CD8+ T cells during acute dengue
disease. We propose that activated NK cells and CTL present-
ing these molecules may contribute to the NK cell sequestra-
tion within inflammed tissues and play a role in local
processes, as NK adhesion molecules such as LFA-1 and
CD44 usually establish firm bindings to target cells [62,63]
and have a crucial role in the IL-2 activated killer cell cyto-
toxicity on target cells such as tumours [63].

According to our data, the DENV induced NK-mediated
response might occur during early infection, since the DENV
was antigenically detected in monocytes up to 10 days after
disease onset (but not later). In this period CD8+TIA-1+
cells are already present, indicating that the adaptative
response mediated by CTLs is also likely participating in the
efficient virus elimination in the late acute phase. Theoreti-
cally, the complete clearance of intracellular viruses, during
the innate and adaptative responses, depends on infected cell
elimination by effector cells, NK cells and CTLs acting in
concert [64]. Moreover, DENV replication occurs in den-
dritic cells that produce cytokines, such as IFN-α and TNF-
α, which are important for infection control [65,66]. Also,
dendritic cells may be able to produce IL-15 in response to
DENV and consequently induce proliferation, activation
and antiviral activity in NK cells. In turn, NK cells may
mediate apoptosis in infected dendritic cells. Therefore, a
complex interaction occurs between NK cells and dendritic
cells contributing to the regulation of adaptative immunity
against infection [67]. NK cells may produce cytokines that
favour infectious agent elimination during the adaptive
response [26,40,68]. In fact, CD56+ T cells have been
reported to produce rapidly proinflammatory Th1 and Th2
cytokines, suggesting roles for these cells both in the innate
and in the regulation of the adaptative immune responses
[69–71]. We studied these cells in detail in dengue patients.
Accordingly, previous investigations in patients presented
significantly elevated plasmatic cytokine levels [47,72–74] of

Fig. 6. (a) Alteration in IL-15 plasma levels during the dengue time 

course and association with NK cells. IL-15 levels in dengue patients 

increase in early acute phase returning to normal on convalescence. 

Statistical significance was assessed by the Mann–Whitney U-test with 

P = 0·0001. Positive correlation between IL-15 and (b) CD56+CD3– or 

(c) CD56+Tia-1+ cells was performed by Spearman regression analysis. 

PBMCs from dengue patients were analysed by flow cytometry as 

described in Figs 1 and 2. IL-15 levels were measured by ELISA. 

***P < 0·001, **P < 0·01, *P < 0·05.
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which a variety may be directly or indirectly produced after
NK activation.

In conclusion, results presented here are the first to sub-
stantiate that DENV during human infection enhances NK
cell markers for both activation and cytotoxicity. The circu-
lating NK cell activity may contribute to mildness during
dengue disease and to an efficient viral clearance in collabo-
ration with CD8+ T cells. Viral infections induce cytokine
production, such as IL-12, IL-15 and interferons, which con-
sequently stimulates NK cells to produce other antiviral
cytokines [75]. However one should be aware that expressive
effector response may be as well responsible for pathology
development as well.
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